REMARKS 

In view of the above amendments and the following remarks, reconsideration of the objections 
and rejections contained in the Office Action of December 1 1, 2002 is respectfully requested. 

In order to make necessary editorial corrections, the entire specification and abstract have 
been reviewed and revised. As the revisions are quite extensive, the amendments to the specification 
and abstract have been incorporated into the attached substitute specification and abstract. For the 
Examiner's convenience, a copy of the marked-up original specification and abstract is also enclosed, 
and the marked-up pages are captioned " Version with markings to show changes made . 11 The 
substitute specification and abstract includes the same changes as are indicated in the marked-up copy 
of the original specification. No new matter has been added by the revisions. Entry of the substitute 
specification is thus respectfully requested. 

The Examiner has objected to Figures 9-12 as requiring a designation such as prior art, 
because only that which is old is illustrated in these drawings. In addition, upon reviewing the 
application, it was noted that Figures 2, 4, and 5 contained minor errors requiring correction. 
Therefore, in order to address the above matters, a letter regarding proposed drawing amendments 
has been submitted herewith, including proposed amendments to Figures 9-12 as suggested by the 
Examiner. In view of this submission, it is respectfully submitted that the Examiner's objection to 
the drawings has been overcome. 

The Examiner has rejected claims 4 and 12 under 35 USC § 1 12, second paragraph, as being 
indefinite. However, as indicated above, original claims 1-12 have been cancelled and replaced with 
new claims 13-23. Each of the new claims has been carefully drafted so as to address the formal 
rejections set forth in the Office Action, and so as to fully comply with all the requirements of 3 5 USC 
§ 112. Therefore, it is respectfully submitted that the Examiner's rejections under § 112 are not 
applicable to the new claims. 

The Examiner has rejected claims 1-3 as being anticipated by the Shinjo reference (USP 
5,538,695); has rejected claims 1-3 and 7 as being anticipated by the Kamiya reference (USP 
5,549,874); has rejected claims 1 and 2 as being anticipated by the Duarte reference (USP 5,554,344); 
has rejected claims 1-3 as being anticipated by the JP'627 reference (Japanese reference 2540627); 
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has rejected claims 6, 8, and 10 as being unpatentable over the Shinjo reference; and has rejected 
claims 5 and 1 1 as being unpatentable over the Shinjo reference and the JP 5 627 reference, and further 
in view of the Ishioka reference (USP 6,027,700). However, as indicated above, original claims 1-12 
have been cancelled and replaced with new claims 13-23, including new independent claims 13 and 
19. For the reasons discussed below, it is respectfully submitted that new claims 13-23 are clearly 
patentable over the prior art of record. 

In recent years, the need for ozone as a cleaning agent has rapidly increased, so that the need 
for highly efficient ozone generators has also increased. Unfortunately, the concentration of ozone 
produced by prior art ozone generators is generally too low, which impacts the use of ozone as a 
cleaning agent (see page 3, line 32 through page 4, line 4 of the original specification). For example, 
in prior art ozone generators such as the ozone generator shown in Figure 1 1, it is difficult to cause 
a material gas flowing through the ozone generator to flow along a ridge portion 12 of the trench 
groove, where a high density of discharge is produced, so as to generate a high concentration of 
ozone. Thus, the present invention has been developed in order to address these problems. 

In particular, new independent claim 13 is directed to an ozone generator that comprises a pair 
of electrodes spaced apart so as to form a gas flow space therebetween, and at least one of the 
electrodes has a plurality of parallel grooves formed on a surface thereof facing the gas flow space. 
A gas flow passage includes an inlet port for supplying a material gas into the gas flow space, and 
includes an outlet port for discharging the material gas from the gas flow space. The gas flow 
passage is arranged so that the material gas flows through the gas flow space in a direction 
transverse to a longitudinal direction of the parallel grooves. As a result of this arrangement, the 
material gas must flow over the ridge portions of the grooves, where a high discharge density is 
produced. Consequently, it is possible to generate a high concentration of ozone (see page 11, lines 
11-16 of the original specification). 

The Shinjo reference, the Kamiya reference, and the Duarte reference all disclose ozone 
generators in which grooves are formed in at least one of the electrodes of the ozone generator. 
However, these references do not disclose or suggest a gas flow passage that is arranged so that the 
material gas flows through the gas flow space between the electrodes in a direction transverse to a 
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longitudinal direction of the parallel grooves. For example, the Duarte reference explains that spirals 
are etched in opposite directions so as to extend the full length of the ozone producing chamber, but 
also explains that the spikes of the spirals direct the gas so as to cover the entire electrode surface 
(see column 4, lines 13-22). In other words, the gas is channeled along the grooves, rather than 
transverse to the grooves, so as to cover the entire electrode surface. 

The JP'627 reference is also directed to an ozone generating device, including an electrode 
2 having projections 4. As explained in paragraph 22 on page 12 of the English translation, "the 
source gas is set to flow in the direction parallel to the longitudinal direction of the projections of 
the first electrode 2" (emphasis added). In fact, this reference actually teaches away from the 
arrangement of the present invention by explaining that if the direction of the air current is orthogonal 
(i.e., transverse) to the longitudinal direction of the projections 4, an undesirable pressure loss will 
result. Therefore, this reference explains that "the air current needs to be set parallel to the 
longitudinal direction of the projecting parts 4" (see paragraph 18, page 10 of the English 
translation). Thus, the JP'627 reference also does not suggest, and in fact teaches away, from the 
arrangement recited in new independent claim 13. 

Finally, the Ishioka reference also does not disclose or suggest an ozone generator including 
a gas flow passage arranged so that the material gas flows through a gas flow space in a direction 
transverse to a longitudinal direction of parallel grooves in at least one of the electrodes. Therefore, 
one of ordinary skill in the art would not be motivated to modify or combine the Kamiya reference, 
the Duarte reference, the Shinjo reference, the JP'627 reference, and the Ishioka reference so as to 
obtain the invention recited in new independent claim 13. Accordingly, it is respectfully submitted 
that new independent claim 13 and the claims that depend therefrom are clearly patentable over the 
prior art of record. 

New independent claim 19 is directed to an electric discharge cell for an ozone generator, 
including a pair of electrodes spaced apart in an opposing relationship so as to form a gas flow space 
therebetween, and in which a first one of the electrodes has a plurality of concentric circular grooves 
formed on a disc-shaped surface thereof facing the gas flow space. A gas flow passage includes an 
inlet port for supplying a material gas into the gas flow space, and includes an outlet port for 



discharging the material gas from the gas flow space. The gas flow passage is arranged so that the 
material gas flows through the gas flow space in a radial direction transverse to the concentric 
circular grooves. As a result, as with the arrangement recited in new independent claim 13, the 
material gas is forced to pass over the ridge portions of the concentric circular grooves, where a high 
discharge density is obtained. Consequently, it is possible to generate a high concentration of ozone 
with this arrangement. 

As explained above with respect to new independent claim 13, the Kamiya reference, the 
Duarte reference, the Shinjo reference, the JP'627 reference, and the Ishioka reference do not either 
alone or in combination, disclose or suggest an electric discharge cell for an ozone generator, 
including a gas flow passage arranged so that the material gas must flow through the gas flow space 
in a direction transverse to grooves formed in an electrode. In fact, the JP'627 reference actually 
teaches away from this arrangement. Therefore, one of ordinary skill in the art would not be 
motivated to modify or combine the references so as to obtain the invention recited in new 
independent claim 19. Accordingly, it is respectfully submitted that new independent claim 19 and 
the claims that depend therefrom are clearly patentable over the prior art of record. 

In view of the above amendments and remarks, it is submitted that the present application is 
now in condition for allowance. However, if the Examiner should have any comments or suggestions 
to help speed the prosecution of this application, the Examiner is requested to contact the Applicant's 
undersigned representative. 
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OZONE GENERATOR 
BACKGROUND OF THE INVENTION 

The present invention relates to an electric 
discharge type ozone generator and an electric discharge 
cell thereof for generating ozone (0 3 ) which is used for 
water sterilization, oxidation bleaching requiring a high 
degree of oxidation, semiconductor manufacturing processes, 
and so on. 

Conventional electric discharge cells for a discharge 
type ozone generator are shown in Figs. 9 to 11. Each of 
the electric discharge cells of Figs. 9 to 11 comprises a 
high-voltage electrode 13, a low-voltage earth electrode 14, 
and a dielectric 15 and a space 16 for discharge provided 
between the electrodes 13 and 14. The high-voltage 
15 electrode 13 is connected to the high-voltage side of an 
alternating-current high-voltage power source 17. The 
earth and the earth electrode 14 are connected to the low- 
voltage side of the alternating-current high-voltage power 
source 17. 

20 Fig- 9 is a general side view of the electric 

discharge cell. Fig. 10 is an enlarged cross-sectional 
view, taken along the line E-E in Fig. 9. In the electric 
discharge cell of Figs. 9 and 10, the high-voltage 
electrode 13 is provided alortfp&n inner circumferential 
25 su^e ofthe dielectric 13 ^rtdch consists of a glass 

tv T7' earth electrodfe-a4 in a cylindrical form is 

^so^as to face an outer circumferential surface of 
the glass tube. The dielectric 15 is disposed between the 
high-voltage electrode 13 and the^earttKelectrode 14. A 
30 material gas containing oxygen /i u fl uw uO ^hrough the space 
16 for discharge, and a part of the oxygen is converted to 
ozone. 

Fig. 11 is a general cross -sectional view of an 
essential part of a gaseous discharge reaction apparatus 
35 disclosed in JP-B2-6-51113 (Examined Japanese Patent 

Publication, Kokoku) . The high- voltage electrode-JJ^ which 
is connected to the high-voltage side of thg^al^ern^tilnQ- 
current high-voltage power source 17, is f feLayubSd ^to/face 
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the earth electrode 14 which is covered by the dielectric 
15. An electrode surface of the high-voltage electrode 13 
facing the earth electr^da 14 includes a number of grooves 
extending parallel to5ttj/each other. As shown in Fig. 11, 
5 each of the grooves is a so-called * trench grooye^which 
is formed by two planes intersecting at a substantially 
right angle. The grooves as viewed in section along a 
longitudinal direction are saw^t^o^Lpa. In the apparatus 
of Fig. ll^the material gas (irs - flowe d ) in a direction 

10 parallel trafeW the trench grooves or in a longitudinal 
direction of the grooves, that is, in a direction 
perpendicular to the paper of Fig. 12. 

Fig. 12 is an enlarged view of a trench groove 16, 
showing a field of discharge in the apparatus of JP-B2-6- 

15 51113. A field Q of discharge indicated by grid-like 

hatching, which is called a creeping discharge field, is 
generated in a region in the vicinity of an indentation 11 
of the groove . The remaining region in the groove is 
occupied by a field P of discharge indicated by diagonal 

20 hatching, which^Ss^cailed a silent discharge field. The 
material gas fe a pacoo d/through the fields P and Q of 
discharge at a high density, to thereby conduct an 
efficient discharge reaction. 

A uniform discharging gap, such as that shown in 

25 Figs. 9 and 10, is suitable for effecting flow of the 
material gas in a large volume and generating a large 
amount of ozone. However, such a uniform discharging gap 
is not suitable for generating a gas containing a high 
concentration of ozone. On the other hand, in a 

30 discharging gap formed by a trench groove such as that 
shown in Figs. 11 and 12, a gas containing a high 
concentration of ozone can be generated as compared to the 
above-mentioned uniform discharging^raxr: — ^However, when a 




35 increase / ^th6j concentration of ozone, the material gas tends 
to flow U^^a region closeto the indentation 11 of the 
trench groove, whichj=mpartk only a small resi^ta^ce to the 
flowing material qasD snaALt \is difficult td #*©w/the 
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material gcVsY^tf a ridge portion 12 of the trench groove, 
where a high density of discharge can be obtained and a gas 
containing a high concentration of ozone can be easily- 
generated. Therefore ^ in the discharging gap formed by the 
5 trench groove, a concentration of ozone as high as about 10 
vol% cah be obtained, but it is difficult to achieve any 
higher concentrations. 

JP-B2-2983153 ( Japanese Patent Publication) discloses 
various structures of high-concentration ozone generators. 
10 In the ozone generator of this patent, the gas pressure in 
the space for discharge is set to 1 atm or morj^and the 
length of a discharging gap in the space for discharge is 
set to 0.4 mm or less. Further, a plurality of members for 
maintaining a predetermined distance between the electrodes 
15 are distributed seoarately over the entire electrode 

s urface , and^ ^or maintaining the predetermined length of 

Cthe discharging ga p in^fc^e-T s pac e for discharge^a stress 
/ frWwkkA " « — ^ 

buffering plate is Vj aispoged ^xbetween t wo ozone g enerators 

arranged in a stacked conf iguration 1 ^ 

20 JP-A-9-504772 (Japanese National Publication of PCT, 

Kohyo) discloses a lightweight and compact ozone- 
generating- cell for generating a gas containing a high 
concentration of ozone. The cell of this publication 
comprises a high-voltage assembly comprising a high-voltage 

25 electrode, a low-voltage assembly comprising a low-voltage 
electrode, a barrier dielectric means for defining a 
discharging region for generating an ozone-containing gas 
between the electrodes > and a weld seal portion for 
connecting the assemblies. A permanently sealed chamber is 

30 formed between the assemblies to include the discharging 
region . 

In recent years, fettB ran\re of applications of ozone 
(0 3 ) which is used as aV^ief»^agent for oxidation 
sterilization has been expanding. However, as mentioned 
35 above, the concentration of ozone generated by ozone 

generators is generally low, which has inhibited the use of 
the gas in industry. Various methods for increasing the 
concentration of ozone produced during its manufacture have 
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been proposed, such as the use of liquidation and 
adsorption, and some of them have been put into practice. 
However, apparatuses used in these methods are complicated 
and expensive, which highly limits their use. 
5 SUMMARY OF THE INVENTION 

In view of the above, the present invention has been 
made. An object of the present invention is to pro| 
electric discharge cell for a novel ozone generate 
provide an ozone generator which enables a gas coi 

10 an extremely high concentration of ozone to be generated 
without the use of a complicated apparatus . 

Another object of the present invention is to provide 
an electric discharge cell for an ozone generator capable 
of generating a gas containing a high concentration of 

15 ozone efficiently, which ozone is of high purity required 
for forming a silicon oxide (Si0 2 ) insulating layer on the 
surface of a silicon (Si) plate for manufacturing a 
semiconductor substrate. 

A further objectof the present invention is to 

20 reduce the size of (^isfe) an ozone generator. A still 
further object of the present invention is to enable 
cooling of the electric discharge cell of the ozone 
generator by using an electrically conductive liquidsiach 
as service .^water , and not using deionized water, ai 

25 conduct(MWp cooling of the ozone generator both efficiently 
and at low cost. A still further object of the present 
invention is te^arrange the electric discharge cell in a 
stackable fortn^and provide an ozone generator which is both 
compact and has a large capacity. 

30 The present invention provides an electric discharge 

cell for an ozone generator, comprising: a pair of 
electrodes having opposing electrode surfaces; electrically 
conductive members adapted to connect the pair of 
electrodes to a high- voltage alternating- current power 

35 source for applying a high voltage between the pair of 

electrodes and generating an electric discharge between the 
electrode surfaces; a dielectric provided between the 
opposing electrode surfaces; and a gas flow passage for 
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effecting flow of a material gas between the opposing 
electrode surfaces. At least one of the opposing electrode 
surfaces of the pair of electrodes includes a plurality of 



trench grooves extending substap£ially parallel to each 
5 othe^and the material gas ( ^p^ m au oo d^f^ ) f lo^>through a 
space between the trench grooves and the dielectric in a 
direction transverse to the trench grooves. 

The present invention also provides an electric 
discharge cell for an ozone generator, comprising: a pair 

10 of electrodes provided in spaced opposing relation, with 

each of the electrode surfaces having a generally circular 
form; electrically conductive members adapted to connect 
the pair of electrodes to a high-voltage alternating- 
current power source; and a gas flow passage for effecting 

15 flow of a material gas between the opposing electrode 

surfaces. One of the electrode surfaces is covered by a 
flat dielectric platy^ahd the other electrode surface 
includes concentric oar generally concentric circular trench 
grooves # a nd whe reas the material jn-^Tn nnnirrl tn^flr^Mn a 

20 direction transverse to the trench grooves. 

The arrangement of the ozone generator or the 
electric discharge cell of the present invention may be 
such as mentioned below. 

(1) One electrode has a flat electrode surface. 

25 (2) The dielectric between the electrodes is disposed 

so as to cover the flat electrode surface of the other 
electrode . 

(3) Each of the electrode surfaces have a circular 

form. 

30 (4) A disk-shaped space is formed between the 

circular electrode surface and the dielectric plate. 

( 5 ) An outer peripheral space is formed along an 
outer circumferential portion of the circular electrode 
surface so as to communicate with the disk- shaped space. 
35 (6) A central space which communicates with the disk- 

shaped space is provided at a central portion of the 
circular electrode surface. 

(7) A radial gas flow passage extends from the 
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central space outwardly of the electrodes f^fi-/ parallel with 
the disk- shaped space . 

(8) The material gas flows radially from the central 
space to the outer peripheral space in the disk- shaped 

5 space, 

(9) The material gas flows radially inward in the 
disk- shaped space from the outer peripheral space. 

(10) The material gas flows radially outward from the 
central space to the outer peripheral space through the 

10 disk- shaped space. 

(11) The low- voltage earth electrode includes a 
cooling medium flow passage. 

(12) The holding plate for the high- voltage electrode 
includes a cooling medium flow passage and an insulating 

15 plate is provided between the holding plate and a jacket. 

(13) A plurality of electric discharge cells, each 
comprising a pair of electrodes, are arranged in a stacked 
configuration . 

(14) Each electrode of the electric discharge cell is 
20 made of high-purity aluminum. 

(15) The electrode surface is covered with aluminum 

oxide . 

(16) The trench grooves of the electrode surface as 
viewed in section perpendicular to the longitudinal 

25 direction of the grooves are corrugated or saw- toothed. 

(17) One electrode surface is covered with a single 
crystal of sapphire (high-purity AI2O3). 

(18) One electrode surface is covered with ceramic. 

(19) The material gas is a high-purity oxygen gas. 
30 (20) The material gas is one which has been obtained 

by adding 0.8 vol% of high-purity nitr ogen to a high-purity 
oxygen gas. ^ 



(21) The material gas cann ed to £jre^ /l:rom an outer 
circumferential portion to a central portion of the 

35 electrode surfaces in a radially inward direction. 

(22) One electrode is supported by a holding plate 
through an insulating plate. 

(23) A cooling medium flow passage is formed in each 
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of the holding plate and the other electrode ♦ 

v (24) An electrically conductive cooling medium (2^, 

flow/through the respective cooling medium flow 
passages of the holding plate and the other electrode. 

(25) The cooliag medium flow passage of the holding 
plate ^pTcommunicateJg/with a cooling medium inlet and a 



cooling medium outlet provided at an outer circumferential 
surface of the holding plat^^bd the cooling iridium flow 
passage of the other electrode ^^^communicate^/with a 
10 cooling medium inlet and a cooling medium outlet provided 
at an outer circumferential surface of the other electrode. 
(26) The ^©poling medium outlet of the holding plate 
communicated/with the cooling medium inlet of the other 
electrode . 

15 (27) The cooling medium is water, 

(28) The temperature of the cooling water is 20°C. 

In the electric discharge cell of the ozone generator 

of the present invention, (gmer) a pair of electrodes having 

opposing electrode surfaces are ceijffect^d to a high-voltage 

fa Itf AT" ) 

20 alternating-current power soured aftfl^Br electric discharge 
is generated between ttee^lehtrode surfaces l?£ r Spp±ication 
of a high-voltage, (wb^eiTi*^/ material gas (^g = ^Clciwey between 
the opposing electrode surfaces , a part ot^ojeygen contained 
in the material gas is converted to 0 3 . Since a dielectric 

25 is disposed between the opposing electrode surfaces, there 
is no damage to the electrode^s\arf aces . Although a large 
amount of heat is generated(in/the pair of electrodes due 
to the electric discharge, the electrodes are cooled by a 
cooling medium passing through the cooling medium flow 

30 passages. The cooling medium flow passage for cooling a 
high-voltage electrode is insulated from the high-voltage 
electrode by ( fgcano 6g ) the insulating plate , so that 
undesirable passage of an electric current through the 
cooling medium between the high-voltage power source and 

3 5 the low- voltage power source does not occur. The oxygen in 
the material gas appropriately f lows^±n~the\vicinity of the 
ridge portions of the trench groovefe r «*4 refore, a gas 
containing a high concentration of ozone is generated by 
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the action of a strong electric field. Further, by passing 
the material gas through a plurality of discharging gaps in 
an electric discharge cell comprising a plurality of pairs 
of disk- shaped electrodes arranged in a stacked 
5 configuration, the concentration of ozone can be easily 
increased. 

The foregoing and other objects, features and 
advantages of the present invention will be apparent from 
the following detailed description and appended claims 
10 taken in connection with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view showing a circular electrode 
surface of an electric discharge cell according to an 
embodiment of the present invention, which is taken along 
15 the line A-A in Fig. 2. 

Fig. 2 is a side cross -sectional view showing the 
electric discharge cell in the embodiment of the present 
invention, which is taken along the line B-B in Fig. 1. 

Fig. 3 is a side cross -sectional view of an electrode 
20 having opposite circular electrode surfaces each including 
concentric grooves . 

Fig. 4 is a plan view of an ozone generator having 
the electrode of Fig. 3 incorporated therein. 

Fig. 5 is a schematic illustration showing a main 
25 arrangement of an electric discharge cell for an ozone 
generator of the present invention. 

Fig. 6 is a general side cross -sectional view of an 
electric discharge !cell assembly for an ozone generator of 
the present invention, which comprises the electric 
30 discharge cells arranged in a stacked configuration. 

Fig. 7 is a schematic illustration showing the 
electric discharge cell assembly in the present invention. 

Fig. 8 is a cjraph illustrating the performance of the 
ozone generator of the present invention. 
35 Fig. 9 is a general side view of an electric 

discharge cell of a conventional ozone generator. 

Fig. 10 is a cross -sectional view of the electric 
discharge cell, taken along the line E-E in Fig. 9. 
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Fig, 11 is a general side view of a conventional 
electric discharge cell including a number of parallel 
grooves . 2 

Fig. 12 is an enlarged cross -sectional view of the 
5 grooves shown in Fig; 11. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to the accompanying drawings, preferred 
embodiments of the present invention are described below. 
In Figs . 1 to 7, the same portions or members are 

10 designated by the sairne reference numerals and characters, 
and any overlapping explanation is omitted. 

Fig. 1 is a pl'an view showing a circular electrode 
surface of an electric discharge cell according to an 
embodiment of the present invention, which is taken along 

15 the line A-A in Fig. 2. Fig. 2 is a side cross-sectional 

view showing the electric discharge cell in this embodiment 
of the present invention, which is taken along the line B-B 
in Fig. 1. Fig. 3 is a side cross-sectional view of a 
disk- shaped low- volt age electrode used in an embodiment of 

20 the present invention. Fig. 4 is a plan view of an ozone 
generator having the electrode of Fig. 3 incorporated 
therein. Fig. 5 is a schematic illustration showing a main 
arrangement of an ozone generator of the present invention. 
An ozone generator electric discharge cell 100 shown 

25 in Fig. 2 includes a low-voltage electrode 22 airar~ir~lrigl 
voltage electrode 42 each having a circulaz^electrode 
surface. A dielectric 43 and a disk-shape^ space^24 are 
provided between the opposing circular electrbde^surfaces 
of the respective electrodes. The disk-shaped space 24 is 

30 adapted to have a moderate discharge generated therein 

between the opposing circular elec t r o d e-^surf aces . When a 
material gas containing oxygenf is flowed / through the disk- 



shaped space 24, the oxygen is converted to ozone. The 
high-voltage electrode 42 is connected to the high-voltage 
35 side of a high- voltage alije^a^ting- current power source 17 
(Fig. 5), while the low-v<roltage^electrode 22 is connected 
to the low-voltage sldel (e«*&) <t>f the alternating-current 
power source 17. As showiTTni^Figs . 1 and 2, the electrode 
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surface of the low-voltage electrode 22 includes a number 
of^£^nc6^ 23 extendip^^rp parallel to each other^ 

^Srat- : ^sj^coycentric grooves^ 2 ^.y The trench grooves can be 
arranged in the form of a knbtfn structure such as that 
5 shown in Fig. 12. 

The high-voltage electrode 42 is formed from a metal 
layer provided between an insulating plate 44 and the 
dielectric 43 supported by a holding plate 41. The 
dielectric 43 is a disk- like member made of a single 
10 crystal of sapphire and the high- volt age electrode 42 is 

made of a silver- type metallizing layer deposited on a back 
surfacerof the sapphire. The space between the ridge 
portic/ii^l2 (Fig. 12) of the t^aScE^xroove 23 and the 
surface of the dielectric 43 te rbvi<ics f the disk- shaped space 
15 24. The distance between the ridge portion of the groove 
23 and the surface of the dielectr*CN43 is set to 0.01 mm 
to 0.3 mm. When a clean ozpne. gas^such as that used for 
manufacturing semiconductors) Is required to be used, 
sapphire which is a clean material can be suitably used as 
20 the material of the dielectric 43. When a high-purity 

material is not required to be used for the dielectric 43, 
the dielectric 43 can be formed from a ceramic material 
such as~~>J_umina ceramic, 
v A matetsi^l gas G is introduc 




30 



^e^g ^througre^iy i nlet passage 
perinh^ralT^paceA26j aVid flows through ihiter 
24 inVa^ gener ally r^ iaially inward dijpesctior 
gas G is then colle cted in ^ r:ftTvhr-a1 < 
portion of the low/voltage electrode/ 
through a guide passage 28^ in a rad 
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sk-shaped 
er 

shaped space 
The material 
at a central 
d is guided 




with respect to the electrode* 



^ m radially outward a 
) inward direction 4 !/ In " " 



putward dij 

_ fa 

The mat* 

thro ugh th e disk- shaped s"pace~~24 in a generally 

ec^acoi^, instead of a generally radially 




'case, the material gas G is 



35 first introduced into the central space 27 through the 

guide passage 28, flows through the disk-shaped space 24 in 
the generally radially outward direction and is guided into 
the inlet passage 25 through the outer peripheral space 26.. 
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As mentioned above, the high-voltage electrode 42 is 
connected to the high-voltage side of the high-frequency 
high-voltage alternating-current power source and the low- 
voltage electrode 22 is connected to the low-voltage side 
5 of the same power source. A high- voltage alternating- 
current voltage is applied to the disk- shaped space 24 
between the electrodes , and a moderate discharge is 
generated in the disk- shaped space^4 . ^^n^±his state, the 
material gas G containing oxygen ^io f lowiLd ^xhrough the 
10 disk- shaped space 24 and a part of the oxygen is converted 
to ozone. In the electric dischaj^je--edllshown in Figs. 1 
and 2, the material gas Gv^ ij ua ui>ud litu rluwj in a direction 
transverse to the grooves 2j5^kn& thereby appropriately 
passes the ridge portions of the grooves at which a high 
15 discharge density is obtained. As a result, it is possible 
to generate high concentrated ozone. 

Fig. 3 is a cross-sectional view of a disk-shap^^. , 
"■"^ectrodja having opposite circular electrode surf ac4s i^acj 
v includtegy concentric grooves, according to an embodiment of 
the present invention. Fig. 4 is a plan view of an ozone 
generator having the disk- shaped electrode of Fig. 3 
incorporated therein. In the embodiment shown in Figs. 3 
and 4, the material gas G is introduced into the disk- 
shaped space 24 of the^^i^ctrcsLc discharge cell 100 through 

f fL,o\JXJ 

25 the inlet passage 25, ( flowed/ through the disk-shaped space 
24 in the generally radially inward direction, collects*!/ in 
the central space 27^^i^j central portion of the low- 
voltage electrode ^^^^cp/ided through the guide passage 
28 in the radially outward direction with respect to the 

30 electric discharge cell 100, as in the case of the^ 

embodiment of Figs. 1 and 2. Cooling water WO^Cteweti 
from a cooling medium inlet 51 through a cooling medium 
passage formed in a high-voltage electrode supporting 
member>-to--ar^cobling medium outlet 53. Then, the cooling 

35 water\ io - fl o wod y through a conduit 54 and a cooling medium 



inlet 55 to a cooling medium passage 29 formed in the low- 
voltage electrode, and is discharged through a cooling 
medium outlet 56. 
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In the embodiment of Figs. 3 and 4, the low-voltage 
electrode 22 comprises a disk- shaped electrode having 
opposite electrode surfaces including concentric grooves, 
and each of the inlet for gas (the inlet passage 25), the 
outlet for gas (the guide passage 28), the cooling medium 
inlets 51 and 55, the cooling medium outlets 53 and 56 and 
a passage 128 for a high-voltage cable is provided at an 
outer peripheral portion of the electric discharge cell. 

The grooves are m ade concentrically, pa\d the material 

portion radially j&f." the &j^sk- shaped electrode. Thus, the 
material gas G flows in th^space betwfeen the grooves and 
the dielectric transverse^ v the ^ proves . 

By this arrangement, a plurality of electric 
15 discharge cells such as that shown in Figs. 3 and 4 can be 
arranged in a stacked cylindrical configuration, thus 
facilitating generation of a gas containing a high 
concentration of ozone while enabling a reduction in size 
of the ozone generator. 
20 Fig. 5 is a schematic illustration of a main 

arrangement of the electric discharge cell of the ozone 
generator of the present invention. In Fig. 5, the 
electric discharge cell 100 of the ozone generator 
comprises a pair of electrodes having opposing electrode 
25 surf aces^__namely , the low-voltkge electrode 22 and the 

higiwoltaqe electrode 4 2^T Electrically conductive wires 21 
andSs 49 ojr __jsonnectlng theelectrodes 22 and 42 to the high- 
voltage power source 17 so as to generate a discharge 
between the opposing electrode surfaoesVby application of a 
30^Tiigh voltage between the electrodes^TT&y dielectric 43 
( * provided between the opposing elecrfcrrtle surfaces and the 
disk-shaped space 24 for passage of the material gas G 
therethrough between the opposing electrode surfaces. The 
electrode surface of the low-voltage electrode 22 includes 
35 the trench grooves 23 extending ^^parallel to^each other. 
The high- voltage electrode 42 is formed from ^e^metal 
layer provided between the insulating plate 44 and the 
dielectric 43 supported by the holding plate 41. The 
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material gas G v ^o - f lo wed/through the space between the 
trench grooves 23 and the dielectric 43 in a direction 
transverse to the grooves . 

In an ozone-generating electric discharge cell, an 
efficient cooling operation is necessary for generating a 
gas containing a high cojJc^ttration of ozone. In the 
electric discharge celJf jift/Fig. 5, a cooling medium passage 
45 and the cooling medium passage 29 are formed in the 
holding plate 41 for the high- voltage electrode 42 and tl 



10 low-voltage electrode 22 for passage of the cooling meditan^ ^ 
Although the ozone generator can be simplified by using tU? 
same cooling liquid for cooling the two electrodes , when an 
electrically conductive cooling medium, such as service 
water, is used for cooling the electrodes, an electric 

15 current passes through the medium. As a countermeasure , in 
the electric discharge cell in Fig. 5, the insulating plate 
44 is provided between the high-voltage electrode 42 and 
the cooling medium passage 45 so as to block the passage of 
an electric current from the high- voltage electrode 42 to 

20 the cooling medium. Therefore, even when an electrically 
conductive cooling medium such as service water is used, 
undesirable passage of an electric current through the 
cooling medium between the electrodes does not occur. 

Fig. 6 is a general side cross -sectional view of an 

25 electric discharge cell assembly 100 for an ozone generator 
of the present invention, which comprises the electric 
discharge cells arranged in a stacked configuration. 
Fig. 7 is a schematic illustration showing the electric 
discharge cell assembly 100Aj^/che present invention. In 

30 the electric discharge cell assembly 100 of Figs. 6 and 7, 
the same members as those shown in Figs . 1 to 5 are 
designated by the same reference numerals and characters as 
those used in Figs. 1 to 5, and any overlapping explanation 
is omitted. In the ozone generator comprising the electric 

35 discharge cell assembly 100 of Figs. 6 and 7, the 

concentration of ozone can be increased by passing the 
material gas G through the^ ^lural ity of discharging gaps 
between the electrodes. / Eopooially X by stacking the disk-. 
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shaped electrodes , the ozone generator can be reduced in 
size and minimized in volume. 

Fig. 8 is a graph illustrating the performance of the 
ozone generator of the present invention. The abscissa 
shows the gas flow rate ( £ /min) and the ordinate shows the 
concentration (g/Nm 3 ) of ozone. Nm 3 represents 1 m 3 of gas 
at 0°C under 1 atm. Experiments on performance, the 
results of which are illustrated in Fig. /B^yere conducted 
under the following conditions: 




Pressure applied to a discharging gap: 0.20 MPa 
(gauge pressure) 

Temperature of a cooling liquid: 20°C 
Components of a material gas: 
15 high-purity oxygen 99.2% 

high-purity nitrogen 0 . 8% 
Gap between an electrode and a dielectric plate: 
0,1 mm 

As is apparent from Fig. 8, in the ozone generator of 
20 the present invention, a gas containing an extremely high 
concentration of ozone [345 g/Nm 3 (16.1%)] could be 
obtained^) without using an apparatus having a complicated 
structure, such as an ozone concentrator or a chiller. 
In the electric discharge cell of the present 
2 5 invention, at least one of the opposing electrode surfaces 
forming a space for discharge includes a number of trench 
grooves extending substantially (^jjageaidte-l ^to^as^i other. 



A material gas containing oxygen ( ^uau l i .I I u £&&w j through 
the space for discharge in a direction transverse to the 

30 trench grooves, to thereby convert the oxygen in the 

material gas to ozone. The material gas appropriately 
passes ridge portions of the trench grooves where a high 
density of discharge can be obtained, so that a gas 
containing a high concentration of ozone can be generated. 

35 In the electric discharge cell of the present invention, 
the dielectric plate provided between the opposing 
electrode surfaces forming the space for discharge is made 
of sapphire. Therefore, it is possible to obtain a high- . 
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purity ozone gas usable in semiconductor manufacturing 
processes. 

In the electric discharge cell of the present 
invention, in order to cool the pair of electrodes, the 
5 same cooling medium can be circulated through the 

respective cooling medium flow passages for the pair of 
electrodes. Further, the cooling medium flow passage for 
cooling the high-voltage electrode is provided at the high- 
voltage electrode through an insulating plate. By this 

10 arrangement, it is possible to use ordinary service water 
as a cooling medium. Therefore, the cooling medium is 
abundant and cheap. 

The ozone generator of the present invention 
comprises a plurality of electric discharge cells arranged 

15 in a stacked configuration, each comprising disk-shaped 
electrodes . The electrodes have circular electrode 
surfaces and are provided with an inlet and an outlet for a 
material gas and inlets and outlets fdr a cooling medium 
arranged at outer circumferential surfaces thereof. The 

20 ozone generatop^o^ phe present inj^ention is compact and 

space - saving, (arr& ^capable of .generating a gas containing a 
high concentration of ozonej^r ha/s great utility in a 
variety of applications . ( ' 
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OZONE GENERATOR 
ABSTRACT OF THE DISCLOSURE 

An ozone generator comprises a pair of spaced 
opposing electrodes, electrically conductive members 
5 connecting the pair of electrodes to a high-voltage 

alternating- current power source ^ifoVjenerate an electric 
discharge between the el^t.r^od^^^/ dielectric provided 
between the opposing Electrode s^lroa A~ gas flow passage for 
^ f cuLi - ii g flow of a m^erial gas v d^tined by the surfaces of 
10 the electrodes. At least one of the surfaces of the pair 
of electrodes has a plurality of parallel grooves. The 
material gas flows in a space between the plurality of 
grooves and the dielectric, in a direction transverse to 
the grooves . 



